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FOREWORD

The beginning of the 217 century has ushered in a new historic stage of rapid develop-
ment for Chinese petroleum industry. In China, crude oil production has undergone a con-
tinuous and stable increase for a long time, and natural gas production has entered a fast
growth period. Yet with rapid national economic growth, China is confronted with consid-
erable pressure to ensure the safety of its oil supply. Chinese petroleum industry is, there-
fore, facing with both opportunities and challenges., At the moment, when the industry
needs the latest petroleum geological theories and key guidance of onshore oil and gas ex-
ploration strategies, the book “Chinese Petroleum Geology and Onshore Exploration
Strategy in the Farly 217 Century”™ 13 officially published. The author of the book, Mr.
Jia Chengzao, is Chief Geologist of PetroChina, and an academician of the Chinese Acade-
my of Science, The book expounds China's new onshore petroleum geological theories for
the new situation, perspectives on issues facing future oil and gas exploration, overall
strategies of onshore oil and gas exploration for PetroChina, regional strategy of oil and gas
exploration targets in various basins, as well as strategies concerning about organizational
management and scientific technology development, The author is a famous petroleum ge-
ologist and explorationist, who has endowed with high academic attainments and rich ex-
ploration experience, Mr. Jia Chengzao has been working for quite a long time on the front
line in exploration, production and R&.D fields, This work reflects his deep thought on the
new situation of the petroleum industry development in the early 21* century, on new op-
portunities and challenges, and on the issues surrounding new petroleum geological theo-
ries and oil and gas exploration strategies,

Looking back on the development process of onshore petroleum exploration activities
and petroleum industry in China, it is evident that every big step in achievernents is accom-
panied by breakthroughs of understanding of basic laws of petroleum geology, and the
birth of new theories, By the end of 19505 (1959). when Daging Qilfield was discovered in
Songliao Basin, over 50 million tons of erude o1l was produced in Daging Oilfield per year,
which was paralleled by the development of continental petroleum geology theories. By the
end of 1970s (1978) when crude yield amounted to 100 million tons, the theory of compos-
ite oil and gas accumulation zones of fault - depression basins was formed. At the begin-
ning of the 21* century, Chinese petroleum industry enters into a new development stage.
It is believed that with the publishing of “Chinese Petroleum Geology and Onshore Explo-
ration Strategy in the Early 217 Century”, the formation, development, and further per-



fection of new theories of petroleum geology, together with the implementation of new
strategies of onshore oil and gas exploration will promote to make major discoveries and
hreakthroughs in the upstream. A new increase peak of oil and gas reserves is expected to
occur, boosting the great development in onshore petroleum industry in China.

Looking forward to the early 217 century and still longer in the future, the rapid
growth of Chinese national economy is projected to continue, and oil and gas supply will
face severe challenge. It is hoped that more petroleum geologists and exploration profes-
sionals take the responsibilities for the R&D of Chinese petroleum geology theories in the
new period, promoting development of oil and gas exploration and production sector, and
enhancing long — term, sustainable and rapid growth of Chinese petroleum industry, With
the guidance of “Chinese Petroleum Geology and Onshore Exploration Strategy in the
Early 217 Century”, and by making joint efforts of vast numbers of petroleun geologists
and explorers, new theories of petroleum geology 1s expected to be formed very soon, thus

creating a new and bright future for Chinese petroleum industry!

Chen Geng
January 2005



PREFACE

China's petroleum industry has a long and glorious history, Chinese petroleum explor-
ers and geologists have made great contributions through the history of cil and gas explora-
tion. throughout the development of the petroleum industry, whenever there were dramat-
ics increase in oil reserves and production, there have always been significant break-
throughs in the understanding of the basic laws of Chinese perroleum geology. In 1950s,
Daging Qilfield was discovered in the Songliao Basin alter the development of the theory of
hydrocarbon = forming from continental basins, loosening the limitation of marine facies oil
and gas theory. At the end of 1970s, crude production in China reached 100 million tons
per year. The main reason was breakthroughs made in Bohai Bay Basin, accompanied by
the development of the theory of composite oil and gas accumulation zones in fault — depres-
sion basins, At the beginning of the 21* century, the Chinese petroleum industry has en-
tered a new era of development. However, the domestic oil and gas supply meets severe
challenges with the rapid development of the national economy. Exploration for natural gas
has surpassed that of oil. The target of exploration has become more and more diversified
and a great variety of basins, complicated oil and gas reservoirs, areas of different explora-
tion scale, and frontiers and mature areas, have all become the focus of exploration. In this
manner, we are faced with a completely new situation; how to maintain and increase the
domestic oil and gas supply by developing new geological theories of cil and gas exploration
to guide us towards new discoveries of oil and gas. This is a major task for oil and gas ex-
plorers and geologists. This also provides both challenges and new opportunities for the
development of Chinese oil and gas exploration and relevant theory, China's petroleum in-
dustry is in need of new geological theory and proper onshore exploration strategy.

In recent years, the challenges faced by oil and gas exploration theory, practice of oil
and gas exploration, the latest oversea theory introduction of sequence stratigraphy and the
technological progress made in seismic and drilling engineering technology have actually
promoted and helped the formation and development of new petroleum geological theories.
The author believes that a new petroleum theory is in the process of formation and develop-
ment. There will be a new onshore exploration theory in the beginning of the 21" century,
which collects all new understanding and discoveries of exploration techniques in recent
years, and absorbs new achievements in the research of fundamental geological disciplines.
This is the collective wisdom of Chinese petroleum exploration researchers, which deserves
to be named “China’s oil and gas exploration theory of onshore lithological foreland deep



layer”. It includes petroleum geology and exploration theory of lithologic — stratigraphic
reservoirs, the structural geology of basins in central and western China, petroleum geolo-
gy and exploration theory, petroleum geology and exploration theory of continental facies
foreland basin thrusting belt, oil and gas reservoir formation and exploration theory in su-
perposed basin medium and lower combination (deep layer), natural gas geology and en-
richment theory, geological theory of unconventional oil and gas resources, and resource
assessment and distributional prediction of remaining resources, and ete,

In the mean time, in the face of the resource situation and economic and technological
conditions of China's onshore petroleum exploration in the early 21* century, the author
perceives that China’s onshore oil and gas exploration strategy in the early 21 century
should be: focusing on lithologic ~ stratigraphic oil and gas reservoirs, foreland basin
thrust belts, medium and lower combination (deep layer) of composite basins fine explora-
tion of mature areas as principal exploration fields, and making the seven large basins like
Songliao Basin and Tarim Basin as major exploration regions; intensifving oil exploration,
accelerating natural gas exploration, actively advancing the risk exploration of new basins
and new fields; emphasizing the development of such new technologies as applied seismolo-
gy and drilling; reinforcing comprehensive geological research and fundamental petroleum
geological disciplines research; and attaching importance to non — conventional oil and gas
resources and new energy sources,

This book is the collection of the author's forty — seven academic papers published and
lectures in various conferences in recent years, and the collection constitutes a preliminary
summary of the author's pursuit, deep thinking and study results. Based on the decades of
scientific research and exploration practice, the author comes to the conclusion that new
scientific discoveries originated in the first — hand material from field studies and new
thoughts about exploration derived from the exploration practice of our explorers. It is
these new scientific discoveries and new thoughts on exploration that promote the forma-
tion of new theories on petroleum geology and exploration, and guide the development of
oil and gas exploration, In recent years, the author has been making arduous efforts in pe-
troleum geology research and exploration practice, and has obtained a number of results,
some of which have been verified by the field exploration and played a positive role in our
country s onshore oil and gas exploration. The author is particularly pleased that our col-
leagues in the petroleum exploration industry have made great efforts and scored considera-
ble exploration progress in complicated geological regions, and have created a large number
of new concepts and theories. The author hopes to absorb and synthesize these new
thoughts and new theories of the petroleum community, and apply them into PetroChina's
oil and gas exploration, to develop the new domestic theories of petroleum geology and ex-

ploration, and finally to form China's onshore oil and gas exploration strategy.



The author feels deeply that we, as petroleum explorers and petroleurn geologists, un-
dertake the glorious historical responsibility of guaranteeing our state petroleum security,
and thus ensuring the healthy development of our national economy. In spite of the difficul-
ties and risks ahead, the author is fully convinced that, with the common efforts of all pro-
fessionals and experts of China's petroleurn exploration industry, China's oil and gas explo-
ration undertakings are in the ascendant, and we are certain to witness a new peak in the
increase of China's petroleum reserves and embrace a splendid era in the natural gas indus-
try. The author's heart — felt wish is that he can make his own contributions to this great
undertaking through the publication of this book.

This book consists of two volumes which include six chapters, Volume one mainly dis-
cusses the issues of China's petroleumn geological theory in the early 21* century, and is
composed of Chapters One, Two and Three,

Chapter One: a discourse on China's onshore remnant oil and gas resources and major
petroleum exploration fields in the future; a dissertation of the geological theory problems
in lithologic — stratigraphic oil and gas reservoirs, foreland basin thrust belts, medium and
lower combination (deep layer) of composite basins, discussion of the impact of the early
21* century petroleum geological theories, and introducing “China’s exploration theories of
onshore lithological foreland deep layer oil and gas in the early 21* century”,

Chapter Two: a discourse on the petroleum geology, geotectonic background and for-
mation characteristics of the central and west basins in China which are central to PetroChi-
na's strategic replacement mission, indicating that small — scale craton basins, foreland ba-
sin thrusting belts and superposed and composite systems containing oil and gas are the
typical geotectonic characteristics and petroliferous features in central and west basins in
China. Tarim Basin and other basins in western China are one part of Tethys North Rim
basin group which is one of the world's most significant natural gas reserve regions. Con-
trolled by the unified geotectonic background of the Himalayan orogeny caused by the India
— Tibet collision, China's central and west basins are clearly characterized by late oil and
gas accumulation.

Chapter Three; a discourse on the types, structural evolution history and tectonic
characteristics of Tarim Basin, pointing out that Tarim Basin is a large superposed and
composite basin, which consisted of Palaeozoic cratonic basin and Mesozoic = Cenozoic
foreland basins. It is characterized by the features of superposed and composite petroleum
systems resulting from a complicated tectonic evolution history with multiple - phase depo-
sition and uplift, diversiform oil sources, multiple oil — bearing layers, and multiple — phase
accumulation. The distribution of oil and gas is mainly controlled by Palaeozoic cratonic up-
lift and Mesozoic and Cenozoic foreland basin thrusting belt. This chapter lays the founda-
tion for superposed and composite basin theory and petroleum geological base in Tarim Ba-



sin, and plays an important role in guiding hydrocarbon exploration in Tarim Basin and e-
ven other central and west basins in China.

Volume Two mainly focuses upon China’s onshore oil and gas exploration strategy in
the early 21 century, and is composed of Chapters Four, Five and Six,

Chapter Four: a collection of the author's work reports released in the China Petrole
um Exploration Annual Meeting and Exploration Technologies Symposium from 2000 to
2004. These reports elaborate on PetroChina's overall strategy and annual deployments in
onshore oil and gas exploration, and constitute the author’s conceptual plan and formation
of thoughts on oil and gas distribution laws. exploration deployment decision making, and
management of exploration strategy and organization. The reports also demonstrate the au-
thor's understanding, development planning and work on developing such exploration tech-
nologies as seismology, drilling and comprehensive geological research in recent vears.

Chapter Five; Elaboration on the oil and gas exploration strategies in various basins.
This chapter mainly consists of the author's speeches at Tarim, Junggar, Ordos, Qaidam,
Jiuguan and Turpan = Hami basins exploration meetings and production sites, and include
analysis of the oil and gas exploration situations in various basins, knowledge of cil and gas
geological conditions and distribution laws, oil and gas exploration strategic deplovment
and relevant technological countermeasures.

Chapter Six; a discourse on petroleum exploration organization and management and
technological development strategies under the new situation. including the organization
and management of petroleum exploration, dominant exploration technology development
trends, the current situation of fundamental petroleum scientiflic research and path of
strengthening research, and the development of higher petroleum education . This chapter
includes the historical overview, analysis of the current situation and the author's hopes
and countermeasures,

Hereby, the author would like to express his heart - felt thanks 10 Academician Wang
Tao, President Chen Geng, and Academician Qiu Zhongjian for their kind solicitude in so
many years, express his appreciation to Academician Zhai Guangming, Academician Dai
Jinxing, Academician Zhang Yiwei. Professor Gong Zaisheng, Professor Mou Shuling,
and Professor Wang Yilin for their guidance, and thank his colleagues and friends Zhao
Zhengzhang, Zhao Wenzhi, Jin Zhijun, Zhou Xinyuan, Song Yan, Ran Longhui, He Zix-
ins Du Jinhu, Zhou Haimin, Li Pilong, Zou Caineng, and Hu Suyun for their long — term
support. The author also wants to thank the collaborators whose research results and the-
ses are collected in this book. The author would like to acknowledge Wei Guogi, Qian Kai,
Guo Zhaojie and Lin Yonghan for their arduous efforts in the course of editing this book.
Special thanks should go to Mr. Wei Guogi for his significant contributions in particular.
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